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We have constructed a large ﬁeld N-ﬂation model in the supergravity framework. In this simple set-up, 
N ﬁelds collectively drive inﬂation where each ﬁeld traverses sub-Planckian ﬁeld values. This has been 
realised with a generalisation of the single-ﬁeld chaotic inﬂation in supergravity. Interestingly, despite 
the presence of the ﬁeld interactions, the dynamics can be described in terms of an effective single ﬁeld. 
The observable predictions of our model, i.e., tensor-to-scalar ratio r and scalar spectral index ns , are akin 
to the chaotic inﬂation.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/3.0/). Funded by SCOAP3.1. Introduction
Inﬂation is a paradigm in cosmology that has received much of 
its support from current observations [1]. It solves few problems 
of standard Big Bang cosmology, and is able to give an explanation 
of the structure formation in the Universe. The scalar perturbations 
responsible for the large scale structures of the Universe are gener-
ated due to the quantum ﬂuctuations of the inﬂaton ﬁeld, and the 
tensor perturbations originate from the ﬂuctuations of the spin-2 
graviton ﬁeld. The tensor amplitude induces B-mode polarisation 
in the CMB temperature anisotropy which is considered to be a 
unique signature of inﬂation. In this year, the BICEP II team has 
announced the ﬁrst ‘tentative’ detection of primordial B-mode po-
larisation corresponding to a tensor-to-scalar ratio r ∼ 0.15 [2].
Assuming that the source of the B-mode polarisation is primor-
dial, the detected value of r points to a scale of inﬂation that is 
close to the GUT scale of around 1016 GeV. Following Lyth bound, 
it also indicates super-Planckian ﬁeld excursion (φ > MPl) during 
inﬂation [3]. First of all, having super-Planckian ﬁeld range with 
a cut-off scale of Planck mass is diﬃcult to accommodate in the 
usual notion of effective quantum ﬁeld theory. Secondly, it is turn-
ing out very diﬃcult, if not impossible, to arrange large ﬁeld range 
in the ultraviolet complete theory like string theory. Many notable 
attempts have been made though [4–9].
Another complimentary approach is to ﬁnd special direction in 
the multi-dimensional ﬁeld space where a particular combination 
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SCOAP3.of the ﬁeld directions is ﬂat enough to allow super-Planckian vev. 
In the case of two-ﬁeld case, this has been realised in ‘aligned in-
ﬂation’ where two axion ﬁelds have been used [10–15]. In the case 
of N-ﬂation, many ﬁelds contribute to drive inﬂation where each 
ﬁeld moves over sub-Planckian vev [16]. Recently, attempts have 
been made in incorporating N-ﬂation in the string theory set-up 
[17–19].
In this work, we propose a model of N-ﬂation in the super-
gravity (SUGRA) framework, where each ﬁeld has a quadratic mass 
term potential of chaotic inﬂation. This is a simple generalisation 
of single-ﬁeld chaotic inﬂation scenario in SUGRA [20]. Consider-
ing that the individual ﬁeld range is sub-Planckian, the effective 
description in SUGRA is well under control as long as we demand 
that the imposed symmetry is not broken by the ultraviolet de-
grees of freedoms. One important aspect of our construction would 
be that even though the ﬁelds have interactions among them-
selves, in the cosmological background they collectively behave 
like single degree of freedom without any interactions. This is true 
only because of the particular nature of the interactions dictated 
by the proposed form the model.
After brieﬂy discussing the basic points of inﬂation in SUGRA, 
and N-ﬂation in the next two sections, we work out our proposal 
for two-ﬁeld case in Section 4. N-ﬁeld generalisation would be 
done in Section 4, followed by the conclusion and discussion at 
the end.
2. Chaotic inﬂation in SUGRA
In this section we will discuss inﬂationary scalar potential in 
the SUGRA framework, and as an example, we will outline how 
chaotic inﬂation can be realised in SUGRA [20]. Our N-ﬂation under the CC BY license (http://creativecommons.org/licenses/by/3.0/). Funded by 
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in fact it is a simple generalisation to N ﬁelds.
Being very simplistic in the form of a potential with a mass 
term, chaotic inﬂation is an attractive model amongst the zoo of 
inﬂationary models. It has also gained some tentative observa-
tional support after the release of BICEP II data that hints towards 
a tensor-to-scalar ratio r ∼ 0.1 [2]. Using Lyth bound [3]
φ =O(1) ×
(
r
0.01
)1/2
, (1)
the data immediately requires super-Planckian ﬁeld excursion dur-
ing inﬂation. Now, the super-Planckian ﬁeld excursion is a natural 
requirement for chaotic inﬂationary potential V (φ) = 12m2φ2 for 
slow-roll parameters being small. Thus embedding chaotic inﬂation 
in any particle physics set-up is of paramount importance. Here we 
brieﬂy review how chaotic inﬂation potential emerges naturally in 
SUGRA.
A model in N = 1 SUGRA is obtained by specifying two quan-
tities, Kähler potential K (Φ, Φ¯) and superpotential W (Φ), where 
W is a holomorphic function of ﬁelds Φ , and K is a real func-
tion [21]. Inﬂaton φ is a member of the complex chiral superﬁeld 
Φ , and for simplicity we are assuming inﬂaton to be singlet under 
relevant gauge group. This allows us not to worry about D-term
contribution to the scalar potential. The F-term part of the scalar 
potential is
V = eK (K i j¯ DiW D j¯ W¯ − 3|W |2), (2)
where K i j¯ is the inverse of the Kähler metric Ki j¯ = ∂
2K
∂Φi∂Φ¯ j¯
and 
DiW = ∂W∂Φi + W ∂K∂Φi . The kinetic term in the Lagrangian of the 
scalar ﬁeld is
LK .E. = K i j¯(∂μΦi)
(
∂μΦ¯ j¯
)
. (3)
Here we worked in Planck units where the reduced Planck mass 
MPl  2.4 × 1018 GeV is set to be unity. For the canonical choice 
of K = ΦΦ¯ , the F-term potential V ∝ e|Φ|2 , and its slope is too 
steep to sustain the ﬂatness required for chaotic inﬂation. This is 
the so-called η-problem in F-term inﬂation [22–24]. The elegant 
solution was proposed in [20] where the authors introduced a shift 
symmetry to the Kähler potential of the complex chiral superﬁeld 
Φ , under which Φ → Φ + iC , where C is some real constant. This 
restricts the form of K to be a function of Re(Φ) only. In this case, 
Im(Φ) does not appear in the exponential, and it can be identiﬁed 
as inﬂaton free of η-problem.1
In [20] the following superpotential and Kähler potential were
proposed
W =mXΦ, K = X X¯ − ζ(X X¯)2 − 1
2
(Φ ± Φ¯)2, (4)
where Φ contains the inﬂaton ﬁeld and X is an auxiliary chiral 
superﬁeld that remains at zero vev during inﬂation. The superpo-
tential breaks the shift symmetry imposed in the Kähler potential, 
and thus gives rise to the tree-level mass term via the F-term of 
the auxiliary ﬁeld X . In other words, supersymmetry is broken 
along the X-direction (DXW = 0) and it supplies the necessary 
potential energy to drive inﬂation. Here −ζ(X X¯)2 term is added 
to render the mass of the X ﬁeld being greater than the Hubble 
scale. For ζ = 0, the mass of the X ﬁeld is comparable to the mass 
of the inﬂaton. So there will be inﬂationary ﬂuctuations of X dur-
ing inﬂation and hence the dynamics cannot be regulated with 
1 Heisenberg symmetry can also be imposed in solving η-problem [31,29,30].one ﬁeld. The above construction is characterised by Winf = 0, 
DXWinf = 0, DΦW = 0 during inﬂation, and it has been gener-
alised in the case of hybrid inﬂation scenario in the framework of 
tribrid inﬂation [32–34].
From the point of effective SUGRA theory, this set-up is com-
plete in a sense that with the assumption of shift symmetry break-
ing term in the superpotential is small, its corrections (potentially 
shift symmetry breaking) to the Kähler potential are going to be 
also parametrically small. Now the smallness of the symmetry 
breaking parameter m is ensured by the scalar amplitude of den-
sity ﬂuctuations. This ﬁxes the value of m ∼ 10−5MPl . Whether the 
symmetry breaking is under control in any UV complete theory 
like string theory is an open issue, and it requires the understand-
ing of the dynamics of stringy degrees of freedom.
Even though the construction is elegant, the diﬃculties behind 
the description of large ﬁeld inﬂation with one single ﬁeld is prob-
lematic from the point of view of purely effective ﬁeld theories. In 
the context of effective ﬁeld theory, the inﬂation potential can be 
written in the following form
Veff = V (φ) +
∞∑
n=0
cnV (φ)
φn+1
Mn+1Pl
, (5)
where cn ’s are dimensionless coeﬃcients of order one. Since the 
inﬂaton has to traverse over a trans-Planckian distance in the ﬁeld 
space during the time inﬂation takes place, i.e., φ > MPl , each 
term in the summation contributes equally well to the potential 
unless its coeﬃcients cn ’s are ﬁnely tuned. So large ﬁeld inﬂation 
becomes sensitive to an inﬁnite number of such terms. If we want 
to predict the dynamics, we necessarily need to know all these 
terms. Note that in the set-up of Eq. (4), these higher-dimensional
operators are under control due to the imposed symmetry and its 
soft breaking in the superpotential. In the next section, we will 
discuss how the problem of super-Planckian vev of a single ﬁeld 
can be evaded in the set-up of N-ﬂation by distributing the job of 
driving inﬂation in N ﬁelds [16].
3. N-ﬂation
Even though the formulation of chaotic inﬂation in SUGRA is 
well understood, the tentative observations require the ﬁeld asso-
ciated with the single inﬂaton to be super-Planckian. Thus con-
structing a model of inﬂation with more than one ﬁeld is worth 
formulating where the job of driving inﬂation is distributed among 
many φi ﬁelds. Each φi satisﬁes φi < MPl . Under this condition 
the potential for an individual ﬁeld can be expanded in the ef-
fective ﬁeld theory framework. As we will see, in the proposed 
N-ﬂation scenario, the total ﬁeld displacement is now
φ2total =
N∑
i=1
φ2i > MPl. (6)
The actual idea of N-ﬂation was ﬁrst proposed by Dimopou-
los et al. [16], and the basic point was inﬂaton is a collection of 
N number of ﬁelds that drives inﬂation through assisted inﬂation 
mechanism [25–27], rather than a single ﬁeld. Here each ﬁeld φ
has a ﬁeld excursion smaller than Planck scale. Individual ﬁelds 
are not capable of producing the slow-roll for an appreciable num-
ber of e-folds, but a collection of such ﬁelds produces suﬃcient 
e-folds to solve the cosmological problem. So the dynamics is de-
termined collectively by N such ﬁelds. The motivation was from 
the standpoint of particle physics where the existence of scalar 
ﬁeld is ubiquitous. In the original work of [16], the individual ﬁeld 
was axion having periodic potential. Around the bottom of the po-
tential where inﬂation happens, the potential was written as the 
sum of potentials for each individual ﬁeld, i.e.,
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N∑
i=1
Vi(φi) =
N∑
i=1
1
2
m2φ2i . (7)
So here each ﬁeld φi is moving under the potential m2φ2i /2. It was 
assumed that the cross couplings between the ﬁelds are negligible. 
Considering an initial conﬁguration where each ﬁeld is displaced 
from the minimum of the potential by a sub-Planckian displace-
ment 〈φn0〉 = αnMPl , the total displacement in ﬁeld space in polar 
coordinate is
ρ2 =
∑
i
φ2i =
√
NαMPl. (8)
In terms of the variable ρ , the effective Lagrangian density is
L (∂ρ)2 + ρ2(∂Ω)2 − 1
2
m2ρ2. (9)
Now the angular degree of freedom Ω has no potential energy, and 
its equation of state parameter ωΩ = 1. Thus its energy density 
falls as a−6, and its contribution becomes negligible soon com-
pared to the radial ﬁeld ρ . Effectively, the radial variable ρ will 
act as an inﬂaton with its single-ﬁeld dynamics.
Our objective is to construct a model of N-ﬂation in the frame-
work of SUGRA. In our simple framework, the ﬁelds are going to 
have cross couplings among themselves. But because of the partic-
ular nature of the coupling that automatically arises in the set-up, 
the effective ﬁeld dynamics in the cosmological background is sim-
ilar to the single ﬁeld. In our case, the potential will be like
V (φ1, . . . , φN) =
N∑
i=1
Vi(φi) + interactions. (10)
We will ﬁrst discuss a simple case where the inﬂaton is a collec-
tion of a pair of ﬁelds. In this case, we will solve the dynamics 
numerically to show that the ﬁeld trajectory in the slow-roll at-
tractor is a straight line. Then we will go for the generalisation 
with N ﬁelds.
4. N-ﬂation in SUGRA
We present our main result in this section. As a toy example we 
ﬁrst analyse the two-ﬁeld case, where trivial redeﬁnition of ﬁelds 
can make the dynamics effectively single ﬁeld. We also analyse 
the background dynamics numerically to show how the attractor 
solution emerges for the effective single-ﬁeld case. This shows that 
the dynamics is governed by one degree of freedom. Subsequently, 
we do the generalisation for N ﬁelds, where we analytically prove 
how it can be reduced to the single ﬁeld.
4.1. Two-ﬁeld case
Let us begin with the following choice of the superpotential
W =mX(Φ1 + Φ2). (11)
Here each Φ is a chiral superﬁeld which contains one singlet in-
ﬂaton ﬁeld. The masses of the ﬁelds are taken to be degenerate for 
simplicity. X is another chiral superﬁeld that is needed to provide 
the vacuum energy via its non-zero F-term. The Kähler potential is 
taken to be
K = X X − ζ(X X)2 − 1
2
(Φ1 − Φ1)2 − 1
2
(Φ2 − Φ2)2. (12)
Here −ζ(X X)2 term is added for the stabilisation of X ﬁeld as 
mentioned in detail in Section 2. This will ensure that the X ﬁeld 
gains a mass larger than the inﬂaton mass during inﬂation and hence it will not disturb the inﬂationary dynamics. The Kähler po-
tential respects the shift symmetry for the inﬂaton ﬁelds: Φi →
Φi + iαi . The real components of those ﬁelds can be identiﬁed as 
inﬂaton ﬁelds. This is to avoid the usual η-problem.
Let us now decompose the complex superﬁelds Φ1 and Φ2 into 
a pair of real scalar ﬁelds
Φ1 = 1√
2
(φ + iβ), Φ2 = 1√
2
(χ + iσ). (13)
The masses for these ﬁelds can be calculated using the F-term 
SUGRA expression given in Eq. (2). The masses-squared of the 
ﬁeld X (both real and imaginary parts) is given by
m2X = 12ζH2 + 2m2. (14)
So for positive ζ = 0, mX > O(H), and it decouples from the in-
ﬂationary dynamics in settling to its minima at X = 0. Now in 
the trajectory of X = 0, the mass-squared of the ﬁelds ImΦ1 and 
ImΦ2 are
m2β =m2
(
1+ 2σ 2)+ 6H2, m2σ =m2(1+ 2β2)+ 6H2. (15)
Therefore, during inﬂation they are also stabilised at β = σ = 0. 
We have checked the stabilisation numerically by solving the dy-
namics.
There are two inﬂaton ﬁelds φ and χ whose potential do not 
contain the eK factor of Eq. (2) and thereby evade the η-problem. 
Along the inﬂationary trajectory X = β = σ = 0, the scalar poten-
tial as computed from Eq. (2) looks like
V (φ,χ) = 1
2
m2φ2 + 1
2
m2χ2 +m2φχ. (16)
Clearly, this potential is a sum of two chaotic inﬂation potentials
together with an interaction term as written earlier in Eq. (10). At 
this point, we draw particular attention to the nature of the cou-
pling which depends on each ﬁeld linearly. Including the kinetic 
terms, the Lagrangian density for the inﬂaton ﬁelds is given by
L= (∂μφ)
(
∂μφ
)+ (∂μχ)(∂μχ)− V (φ,χ), (17)
where V (φ, χ) is given by Eq. (16).
The above Lagrangian can be easily casted in a more convenient 
form by deﬁning two new ﬁelds
ϕ1 = 1√
2
(φ + χ), ϕ2 = 1√
2
(φ − χ), (18)
and in terms of these two ﬁelds, the Lagrangian density can be 
written as
L= (∂ϕ1)2 + (∂ϕ2)2 − 1
2
(
√
2m)2ϕ21 . (19)
Here one degree of freedom ϕ1 is massive while the other one 
ϕ2 is massless. In the two-dimensional ﬁeld space, there is a ﬂat 
direction ϕ2 along which the potential vanishes. So the equation 
of state parameter ω = 1 for ϕ2. Thus its associated energy density 
redshifts very quickly and becomes cosmologically irrelevant,
ρϕ2 ∝ a−3(1+ωϕ2 ) ∝ a−6. (20)
On the other hand, ϕ1 direction has a chaotic inﬂation potential 
that can drive inﬂation. The total ﬁeld variation ϕ1 ∼ φ + χ . 
It is important to note that this is crucially different from the 
original N-ﬂation set-up, where for two-ﬁeld case the effective dis-
placement of the radial ﬁeld direction is always positive ϕ21 ∼
φ2 + χ2 [16]. In our case, this is not necessarily true, and we 
consider this point as one drawback of our set-up. In our set-up,
the effective displacement of the ﬁeld is dependent on the initial 
460 K. Das, K. Dutta / Physics Letters B 738 (2014) 457–463Fig. 1. Field space plots for three different boundary conditions. In the inset, we 
show the evolution of the ﬁeld for single trajectory near its minima. (For interpre-
tation of the references to colour in this ﬁgure legend, the reader is referred to the 
web version of this article.)
ﬁeld conﬁgurations. At this point, we note that reduction of the 
potential with coupling term into an effective single-ﬁeld case is 
possible only for the m2φχ coupling. This is no longer true for 
φ2χ2 coupling where it is evident that ﬁeld trajectory is curved in 
general, and cannot be described by one degree of freedom [35].
In Fig. 1, we show the ﬁeld space plot of this simple set-up. 
We have analysed three cases that correspond to three different 
initial boundary conditions to elucidate the nature of the attractor 
behaviour in this case. As we see the attractor solutions in the 
ﬁeld space are straight lines. Here each ﬁeld satisﬁes the same 
Friedmann equation. During slow-roll of φ and χ the ﬁeld dis-
placements for φ will be proportional to the ﬁeld displacement 
for χ in the phase space, i.e., φ ∝ χ in same time interval. So 
φ = χ + c will be the attractor solution, where c is a constant. 
In the ﬁeld space this will be reﬂected in straight line behaviour 
which is what we obtained in Fig. 1.
Now the potential can be written as V (φ, χ) = 12m2(φ + χ)2. 
The minimum of this potential is not a single point but a line 
whose equation is φ + χ = 0. This equation is satisﬁed by many 
ﬁeld points (φ, χ). The central plot (red) in Fig. 1 corresponds to 
the initial conditions φ0 = χ0 = 4MPl and φ˙0 = φ˙SR and χ˙0 = χ˙SR . 
In this case, equation of minima is 2φ = 0 or 2χ = 0. So minimum
of V (φ, χ) is at the origin. That is why the central plot passes 
through the origin. Now we keep the former initial condition in-
tact and change the later to φ˙0 = φ˙SR and χ˙0 = χ˙SR . Then two cases 
may appear: one is φ˙0 < χ˙0 (purple) and the other is φ˙0 > χ˙0 (or-
ange). For the ﬁrst case (shown in purple) the trajectory is initially 
curved and then parallel to the central straight line (red). The rea-
son for this is that as we have started with a different φ˙ so it will 
ﬁrst meet the attractor when it slow rolls and then its subsequent 
evolution in the phase space is similar to the case of a single-ﬁeld
chaotic inﬂation. So is the case with χ˙ . But as at t = 0 we have 
given different initial values to φ˙ and χ˙ , the manner in which both 
φ˙ and χ˙ converge to their respective attractor solution is not the 
same. This is manifested in the curvature of the purple coloured Fig. 2. Effective potential showing the joint evolution of ﬁelds φ and χ . (For inter-
pretation of the references to colour in this ﬁgure legend, the reader is referred to 
the web version of this article.)
plot. The explanation is same for the second case φ˙0 > χ˙0 (orange) 
too as the initial condition is just the opposite of the ﬁrst. Near 
the lower left corner of Fig. 1 there is a little thick portion in each 
of these lines. This is where the ﬁelds oscillate around the minima 
of V . The minimum is different for three lines as explained ear-
lier. The behaviour of the ﬁelds near the minima of the potential 
is shown in the small box at the lower right corner in this ﬁgure. 
This represents the oscillatory part of the ﬁeld evolution.
Fig. 2 is a 3D plot that shows the combined evolution of the 
ﬁelds φ and χ in the effective potential V (φ, χ). The ﬁeld tra-
jectories of Fig. 1 is shown on the potential. Basically Fig. 1 is 
a two-dimensional projection of Fig. 2 in φ–χ plane. The dot-
ted black line represents the minima of the potential. Two addi-
tional ﬁeld trajectories are shown in Fig. 2 for φ0 > χ0. Blue line 
corresponds to the initial condition φ˙0 = φ˙SR and χ˙0 = χ˙SR and 
green line corresponds to the condition φ˙0 > χ˙0. All this family of 
straight lines depicts the attractor behaviour. In summary, we note 
that φ = χ + constant are attractor solutions, and even if the ﬁeld 
has non-slow-roll initial conditions, it reaches the attractor solu-
tion quickly and follows the straight line trajectory in showing its 
effective one degree of freedom.
4.2. N-ﬁeld generalisation
Now we are going to extend our formalism for N-ﬁeld conﬁg-
uration in N = 1 SUGRA. Here the involvement of N-ﬁelds share 
among themselves the complete task of producing super-Planckian
ﬁeld excursion during inﬂation. We propose the following super-
potential
W =mX
N∑
i=1
Φi, (21)
where {Φi}’s are the set of complex chiral superﬁelds and i ∈ I. 
Each Φi contributes one inﬂaton. The Kähler potential is
K = (X X¯) − ζ(X X¯)2 − 1
2
N∑
i=1
(Φi − Φ¯i)2. (22)
Shift symmetry is satisﬁed by every chiral ﬁeld, i.e., Φi → Φi + iC , 
∀i, C is real constant. Now each complex Φi can be decomposed 
into a real and imaginary parts like in two-ﬁeld case. Then along 
the direction of inﬂation X = ImΦ1 = ImΦ2 = . . . = ImΦN = 0. 
The scalar potential in this case takes the form
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2
m2
(
N∑
i=1
φi
)2
(23)
= 1
2
m2
N∑
i=1
φ2i + two-ﬁeld interaction, (24)
where φi = ReΦi , ∀i. Masses of the ﬁelds are degenerate. Now we 
will ﬁnd an orthogonal combination of Φi ’s such that the potential 
becomes a single-ﬁeld potential.
Let us deﬁne a vector,
=
⎛
⎜⎜⎝
φ1
φ2
...
φN
⎞
⎟⎟⎠ . (25)
Here the set of basis vectors {ei} is
|e1〉 =
⎛
⎜⎜⎜⎜⎝
1
0
0
...
0
⎞
⎟⎟⎟⎟⎠ , |e2〉 =
⎛
⎜⎜⎜⎜⎝
0
1
0
...
0
⎞
⎟⎟⎟⎟⎠ ,
|e3〉 =
⎛
⎜⎜⎜⎜⎝
0
0
1
...
0
⎞
⎟⎟⎟⎟⎠ , . . . , |eN〉 =
⎛
⎜⎜⎜⎜⎝
0
0
0
...
1
⎞
⎟⎟⎟⎟⎠ .
Let us move to a different set of basis vectors {e′i}. With respect 
to this new basis vector, the components of  will also change 
accordingly. Thus we can write
= φi|ei〉 = ψ j
∣∣e′j 〉. (26)
The old basis is related to new basis by∣∣e′i 〉= Tij|e j〉, (27)
Tij =
〈
e j
∣∣e′i 〉 so= φi T−1i j︸ ︷︷ ︸
∣∣e′j 〉. (28)
Comparing Eqs. (26) and (28), we ﬁnd
ψ j = φiT−1ij . (29)
As we aim at reducing the N-ﬁeld Lagrangian density into a single-
ﬁeld Lagrangian density, so we deﬁne
ψ1 = 1√
N
(φ1 + φ2 + . . . + φN). (30)
From Eq. (29)
ψ1 = T−111 φ1 + T−121 φ2 + . . . + T−1N1φN . (31)
So,
T−111 = T−121 = T−131 = . . . = T−1N1 =
1√
N
. (32)
But as Tij is an orthogonal matrix, i.e., T
−1
i j = T ji = T Ti j , so, T11 =
T12 = . . . = T1N = 1√N . Now we obtain from Eq. (27)
∣∣e′1〉= 1√
N
(|e1〉 + |e2〉 + . . . + eN〉)= 1√
N
⎛
⎜⎜⎝
1
1
...
⎞
⎟⎟⎠ . (33)1Now by Gram–Schmidt process the other orthonormal basis vec-
tors can be found out and they are∣∣e′2〉= 1√〈e′2|e′2〉
(
|e2〉 − 〈e
′
1|e2〉
〈e′1|e′1〉
∣∣e′1〉
)
,
∣∣e′3〉= 1√〈e′3|e′3〉
(
|e3〉 − 〈e
′
1|e3〉
〈e′1|e′1〉
∣∣e′1〉− 〈e′2|e3〉〈e′2|e′2〉
∣∣e′2〉
)
,
. . .
In general,
∣∣e′N 〉= 1√〈e′N |e′N〉
(
|eN〉 −
N−1∑
i=1
〈e′i |eN〉
〈e′i |e′i〉
∣∣e′i 〉
)
.
With respect to this new basis {e′i}, the new components ψi ’s can 
be found out using Eqs. (29) and (27). The Lagrangian density is 
therefore
L=
N∑
i=1
(∂ψi)
2 − 1
2
(
√
Nm)2ψ21 . (34)
Thus our method also worked successfully for N-ﬁeld conﬁgura-
tion. Here we see from Eq. (34) that all ﬁelds ψi , where i ∈ [2, N], 
other than ψ1, have no potential energy term. So, they will be eas-
ily overthrown from the dynamics since their energy density falls 
faster than that of ψ1. So, again
Leff = (∂ψ1)2 − 12 (
√
Nm)2ψ21 . (35)
The interaction term, which initially appeared in the expression 
of the F-term scalar potential, does not affect the evolution of ψ1. 
Only the mass of ψ1 ﬁeld is enhanced by a factor of 
√
N . Thus the 
effective dynamics in the attractor solution is governed by one de-
gree of freedom ψ1. Here the total ﬁeld variation in the ﬁeld space 
ψ1 ∼∑Ni=1 φi . It is indeed true that the total ﬁeld variation is 
dependent on the initial ﬁeld conﬁguration, i.e. initial conditions 
for the individual ﬁeld. But in the multi-dimensional ﬁeld space, it 
is expected that the sum can be easily super-Planckian even with 
some cancellations with sub-Planckian ﬁeld ranges for individual 
ﬁeld.
5. Conclusion and discussions
With the announcement of tentative observations of large pri-
mordial tensor modes by the BICEP II experiments, there is a surge 
of interest in constructing models of inﬂation where ﬁeld excursion 
is super-Planckian. In the single-ﬁeld set-up, this is problematic 
from the point of view of effective ﬁeld theory. Therefore, one op-
tion is to use the effects of multiple ﬁelds. With tuned parameters, 
two ﬁelds can achieve this large ﬁeld excursion in the context of 
natural inﬂation [10–12]. Another possibility is the use of multiple 
ﬁelds having collective dynamics. In the context of many axions in 
string theory, N-ﬂation was proposed [16]. Even though each axion 
has a periodic potential protected by a perturbative shift symme-
try, the inﬂation happens at the bottom of the potential where 
the potential can be safely approximated by the chaotic form of 
quadratic potential.
In this work, we propose a simple realisation of N-ﬂation in 
SUGRA. This is based on the generalisation of the set-up of chaotic 
inﬂation is SUGRA where η-problem is solved by the shift symme-
tries of each individual ﬁeld. Even though the effective potential 
has couplings between all ﬁelds, but the nature of the couplings 
allows us to reduce the potential in effective one degree of free-
dom in the cosmological background. The model has only one free 
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value is ﬁxed by the normalisation of scalar density perturbations. 
For the case of two-ﬁeld case, we have solved the background dy-
namics numerically to show that the attractor behaviour of the 
solutions, and we have found that the ﬁeld trajectory is straight 
line on the attractor solution. For the case of N ﬁelds, reduction to 
single ﬁeld has been done analytically. The model has similar pre-
dictions to the single-ﬁeld chaotic inﬂation case: tensor-to-scalar
ratio r ∼ 0.1 and ns ∼ 0.96. Obviously, the produced density per-
turbations are of adiabatic type. As we have noted earlier, in our 
set-up φeff =
∑N
i φi , showing that the effective ﬁeld range in 
the multi-dimensional ﬁeld space is dependent on the initial ﬁeld 
conﬁgurations. We would also like to note that the produced den-
sity perturbations would be adiabatic in nature. This is true be-
cause the effective dynamics can be well described by one degree 
of freedom in the attractor solution.
Our set-up involves N number of ﬁelds, and therefore it is 
natural to think that there would be isocurvature modes which 
are highly constrained by the Planck data. It is indeed true that 
the possibility of existence of isocurvature mode arises only when 
there are multiple degrees of freedom that carry energy density 
during inﬂation and are at the same time lighter than the Hubble 
constant during inﬂation. But isocurvature mode can be best un-
derstood by analysing the ﬁeld dynamics in the multi-dimensional
ﬁeld space [36]. In this case, the isocurvature mode can be as-
sociated with the curvature of the ﬁeld trajectory. In other way, 
if the ﬁeld trajectory is one parameter family of lines, the only 
relevant perturbations are adiabatic. This is clear for the simplest 
two-dimensional case. In our case, as we have shown, the effective 
ﬁeld dynamics is one dimensional in the slow-roll trajectory. Other 
than the analytical proof, it has been shown with the numerical 
analysis for two ﬁelds. Therefore, the only source of isocurvature 
modes is when the ﬁeld has not reached attractor solution. Assum-
ing long epoch of inﬂation, this initial phase can be neglected. This 
argument is similar to the original work on N-ﬂation [16] where 
the perturbations are only of adiabatic type. In summary, we also 
conclude that in our set-up, only the adiabatic mode is relevant to
density perturbations, and for all practical purposes isocurvature 
perturbations can be neglected.
At the end of inﬂation, the potential is going to have many 
massless degrees of freedom along which the potential is ﬂat. But 
it is expected that the ﬂat directions are going to be lifted with the 
soft masses related to low energy SUSY breaking. Explicit nature of 
these masses can be understood only when N-ﬂation is considered 
in conjunction with the SUSY breaking sector along the line of [28]. 
We note that the large number of light species in a given theory 
typically makes corrections to the Planck mass proportional to 
√
N , 
and this can potentially increase the effective slow-roll parameters 
spoiling N-ﬂation [16]. To answer this question in a concrete man-
ner, we need a complete ultraviolet theory where these corrections 
can be reliably computed [19]. In the effective SUGRA set-up, this 
question cannot be addressed. Possible resolutions those that are
protected from UV physics have been discussed in [37,38].
In our set-up, we have considered the most simple generalisa-
tion of the single-ﬁeld chaotic inﬂation set-up in SUGRA. Other 
generalisations of Eq. (21) are possible. For example, instead of 
having a common auxiliary ﬁeld X , we may have Xi for each Φi , 
or the mass parameter m can be different. It would be interesting 
to explore the outcome of those constructions. But in this case, it 
is expected that that simple analytical understanding as we have 
done is not possible, and a statistical approach would be more 
suitable [39].
In summary, we have proposed a simple model of N-ﬂation in 
SUGRA where chaotic inﬂation has been realised. In our set-up there are ﬁeld interactions, but we have shown that the dynam-
ics can be described in terms of an effective single ﬁeld.
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